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This presentation includes only the
most important terms and facts. Its
content by itself is not a sufficient
source of information required to
pass the Physiology exam.
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Renal Functions

» Excretion of Waste Products and Toxins

(entry from the external environment or production in the course of
metabolic events)

» Control of Volume and Composition of Body Fluids,
Osmolality

» Regulation of Acid-Base Balance
» Regulation of Blood Pressure

» Secretion, metabolism and excretion of hormones
(renin, erythropoetin, kinins, prostaglandins, 1,25-diOHcholekalciferol)

» Glukoneogenesis
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Structure of Kidney
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Renal cortex

(a) Frontal section illustrating major blood vessels
2 2013 Pearson Education, Inc.

http://classes.midlandstech.edu/carterp/Courses/bio211/chap25/chap25.htm

Aorta

l

Renal artery

l

Segmental artery

l

Interlobar artery
Arcuate artery

Cortical radiate artery

Afferent arteriole

Inferior vena cava

!

Renal vein

!

Interlobar vein

!

—> Arcuate vein

T

—» Cortical radiate vein

Peritubular capillaries |
or vasa recta |

Efferent arteriole

1
1
|
|
|
|
1
1
: Glomerulus (capillaries)
|

Nephron-associated blood vessels
(see Figure 25.7)

(b) Path of blood flow through renal blood vessels

ERS,,

'

)
§

a.UNW
.

nBARYK,,
W i,

@

. )
Srgnaned

o
o e
YT wev



Structure of Nephron
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Structure of Nephron - Glomerulus

Basal lamina Endothelium
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Bowman's space Afferent arteriole
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Guyton & Hall. Textbook of Medical Physiology
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Structure of Nephron - Tubulus
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Structure of Nephron - Tubulus
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tructure of Nephron - Tubulus
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Cortical nephron
* Short nephron loop
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Juxtamedullary nephron
+ Long nephron loop
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Structure of Nephron - Tubulus
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Structure of Nephron - Tubulus
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Urine Formation

Afferent Efferent
arteriole arteriole
1. Filtration
2. Reabsorption
o 3. Secretion
anjueru_lar 4. Excretion
capillaries

Bowman's
capsule

Peritubular
capillaries

Renal
vein

Urinary excretion
Excretion = Filtration — Reabsorption + Secretion

Guyton & Hall. Textbook of Medical Physiology

1) Glomerular filtration
2) Tubular reabsorption
3) Tubular secretion

4) Urine excretion



Urine Formation - Glomerular Filtration
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Urine Formation - Glomerular Filtration

Glomerular filtration rate (GFR) depends on:

1) Capilllary filtration coefficient K,
(permeability and area of glomerular membrane)

2) Balance of hydrostatic and coloid osmotic forces

GFR = K; - net filtration pressure
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Urine Formation - Glomerular Filtration

Glomerular filtration rate (GFR) depends on:

1) Capilllary filtration coefficient K,
(permeability and area of glomerular membrane)
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albumin: diameter ~7 nM
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charge l
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Urine Formation - Glomerular Filtration

Glomerular filtration rate (GFR) depends on:

1) Capilllary filtration coefficient K,
(permeability and area of glomerular membrane)

Permeability e Fobas
Area of capillary bed

mesangial cells:

contraction — reduction
of filtration area — | K;
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Urine Formation - Glomerular Filtration

Glomerular filtration rate (GFR) depends on:

1) Capilllary filtration coefficient K,
(permeability and area of glomerular membrane)

- Contraction Relaxation
Permeablllty Endothelins ANP
Area Of CapI”aI’y bed Angiotensin || Dopamine
mesangial cells: S PeE2

Norepinephrine cAMP

contraction — reductic

of filtration area — | K
Platelet-derived growth factor

— | GFR e growthiadt

Thromboxane A,

Platelet-activating factor

PGF,
Leukotrienes Cq and Dy

Histamine




Urine Formation - Glomerular Filtration

Glomerular filtration rate (GFR) depends on:

1) Capilllary filtration coefficient K,
(permeability and area of glomerular membrane)

2) Balance of hydrostatic and coloid osmotic forces

GFR = K; - net filtration pressure
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Urine Formation - Glomerular Filtration
GFR = K; - net filtration pressure

Afferent
arteriole

Efferent
arteriole

Glomerular  Glomerular
hydrostatic colloid osmotic
pressure pressure
(60 mm Hg) (32 mm Hg)

capsule
pressure
(18 mm Hg)

nmg =0
Guyton & Hall. Textbook of Medical Physiology

Under physiological conditions:
net filtration pressure = P, + my; — Py - m; =60 + 0 — 18 - 32 = 10 mmHg

| GFR =K+ (P¢ + 7y — Py = 17¢) |




Urine Formation — Tubular Processes

_ FILTRATION
Peritubular Tubular
capillary cells v"
Lumen

' ' Paracellular
Bulk path

flow h Transcellular
_ path
\ Active
Blood ¢ Ea ssi_\.re Solutes
(diffusion)

N
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REABSORPTION EXCRETION
Guyton & Hall. Textbook of Medical Physiology o,



Urine Formation — Tubular Processes

Active Transport Mechanisms

1) Primary active transport
2) Secondary active transport
3) Pinocytosis

(big molecules, e.g. proteins, namely in the proximal tubule)



Urine Formation — Tubular Processes
Active Transport Mechanisms

1) Primary active transport

Peritubular | Tubular | Tubular
capillary I : epithelial cells I lumen
Il [
] r ------------- Na_

(=70 mV) //Tlg ht junction

Brush border

/ — Basal (luminal
_mﬂ ‘ channels membrane)

Interstitial Basement Intercellular space
fluid membrane
Guyton & Hall. Textbook of Medical Physiology o G ;



Urine Formation — Tubular Processes

Active Transport Mechanisms

1) Primary active transport
- Na*/K* ATPase
- HT ATPase
- Ca?* ATPase
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Urine Formation — Tubular Processes

Active Transport Mechanisms
2) Secondary active transport

Interstitial Tubular Tubular
fluid cells lumen

Co-transport

Glucose Glucose
o QN&"’
K+ —romy symport

.
Amino acids Amino acids

Nat Na* c
K+ S oomv () antiport

Counter-transport

Guyton & Hall. Textbook of Medical Physiology ‘
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Urine Formation — Tubular Processes

Active Transport Mechanisms

Substances using active transport show the so called
transport maximum (given by saturation of the transporter).

900+

for example glucose 800-

transport maximum:
zeny ~300 mg/min
muzi ~375 mg/min
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Urine Formation — Tubular Processes

Active Transport]| Famme 11 e, | Teder
1) Primary active transport .
2) Secondary active transport ATP -
3) PinOCytOSiS a ATP K}*{_ (-3 mv)
(big molecules, e.g. proteins, name (70mV) __Tightjunction
. Brush border
Passive Transpolf || | ST e,
. Interstitial Basement Intercellular space
1) Reabsorption of H,O by osmq___ fud  membrane

= in the proximal tubule (highly permeable for H,O)
= active reabsorption of solutes — lumen-intersticium
concentration gradient - H,O osmosis into intersticium
2) Reabsorption of solutes by diffusion
= CI (Na* into intersticium, reabsorption of H,O by osmosis) ...
= urea (reabsorption of H,O by osmosis) ,?;'



Urine Formation — Tubular Processes

FILTRATION
Tubular

cells v"

Lumen

Peritubular
capillary

Paracellular
path
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EXCRETION
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Urine Formation — Tubular Processes

Physical Forces in Peritubular Caplillaries and In
Renal Intersticium

- tubular reabsorption is controlled by hydrostatic and
coloid osmotic forces (similary to GFR)

GFR = K; - net filtration pressure

l

TRR = K; -[net reabsorptive force}
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Urine Formation — Tubular Processes

Physical Forces in Peritubular Caplillaries and In
Renal Intersticium

Peritubular Interstitial Tubular Tubular
capillary fluid cells lumen
e
()
~— Pj;
P, i 6 mm Hg
13 mm Hg
m, E 15 mm Hg
32 mm Hg
Bulk
flow H,O €====— ~€=-=-==-H,0
10|mm Hg: Na+ ~€====Na*
Net reabsorption
pressure Guyton & Hall.

\_J Textbook of
Medical Physiology
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Urine Formation — Tubular Processes

Tubuloglomerular oressure [
feedback |
T GFR — 7 flow of water e ety
and solutes to macula
densa — constriction of aff. o
arteriole (tromboxane A2 ?) T
—> \L GFR GIGT&:ﬂ:g; _| Solute re;bsorption feedback
balance " in proximal tubule
Glomerulotubular
balance g
T GFR — T oncotic
1 1 Sal d fluid
pres_sur_e In peritubular Sé.ﬁ'ém
Caplllarles N T the distal tubule

Ganong’s Review of Medical Physiology, 23 editi% S,

reabsorption in tubules




Urine Formation — Tubular Processes

2)

3)
4)
o)

Proximal Tubule

1) complete reabsorption of substances playing key roles for
the organism (glucose, amino acids)

partial reabsorption of substanc

es important for the

organism (ions — Na*, K*, CI-, etc.)

65%

reabsorption of water
secretion of H* ;

reabsorption of HCOg

Result:
Isoosmotic fluid,

notably decreased
volume

Guyton & Hall

Proximal tubule

Na*, CI=, HCO;™, K¥,

H,O, glucose, amino acids

Isosmotic

H*, organic acids, bases

. Textbook of Medical Physiology
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Urine Formation — Tubular Processes
Loop of Henle

1) thin descending part - passive reabsorption of water (0smosis)

2) thick ascending part - active reabsorption of ions (Na*/K*/2ClI-
symport), secretion of H*, reabsorption of HCO;

Thin descending
loop of Henle

Thick ascending
loop of Henle

H,0 Na*, CF, K,
Ca*, HCO,-, Mg+

Hypo-
osmotic

counter-current multiplier

Result: hypotonic fluid, volume further decreased 4%,



Urine Formation — Tubular Processes

Distal tubule

1) juxtaglomerular apparatus

2) active reabsorption of solutes similar to the thick ascending
loop of Henle, also no permeability for urea and water —
the so called dilution segment (dilutes the tubular fluid)

Early distal tubule Renal

interstitial Tubular
fluid cells

Tubular

lumen
(—10mV)

Na*, CI, Ca™, Mg+

Nat
K+ @ Na*
©
Cl-

m%
Thiazide diuretics: X

Result: hypotonic fluid



Urine Formation — Tubular Processes
Collecting duct (+ end of distal tubule)

1) principal cells — reabsorption of Na* and water (ADH),
secretion of K*

Renal Tubular
interstitial Tubular lumen
fluid cells (=50 mV)

Late distal tubule

6 C_:\\_ and collecting tubule
&l

Principal
// ETls\

|
L

P
j

z/\\ o ) OJ

Intercalated

cells K* Aldosterone antagonists Na™ channel blockers
* Spironolactone * Amiloride
« Eplerenone + Triamterene
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Urine Formation — Tubular Processes
Collecting duct (+ end of distal tubule)

1) principal cells — reabsorption of Na* and water (ADH),
secretion of K*

2) Intercalated cells — secretion of H*, reabsorption of HCO
and K*

Late distal tubule Renal Tubular
and collecting tubule interstitial Tubular cells lumen
Principal fluid

cells

O e T

H,CO,
L// Carbonic
anhydrase
. H,0 o

Intercalated
CE”S ------- ’-—
C.'JC)2



Urine Formation — Tubular Processes
Collecting duct — medullar part

1) reabsorption of Na* and CI-, water (ADH), urea
2) secretion of H*, reabsorption of HCOj

Medullary
collecting duct
Y
Wa

8]
@ P@H‘r 30

Urea
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Examination of renal function

m LRenaI clearance J
= Examination of function of renal tubules

a) Examination of concentration abllity of kidneys

- Concentration test using thirstiness
(very unpleasant; 12 hours of thirstiness, urine sample every 4
hours — urine density and osmolality; also a blood sample)

- Adiuretin test
(more pleasant for patient; no drinks and food during night,
ADH application in the morning through the nasal mucosa —

urine density and osmolality)

a) Examination of dilution ability of kidneys

(test of reaction on increased water intake — decreased ADH 3'
production + increased diuresis in healthy people) NN




Renal Clearance

= the volume of plasma that is completely cleared of
the substance by kidneys per unit time
Using clearance, we can guantified the excretion ability of

kidneys, the velocity of renal blood flow and even basic
functions of kidneys (GFR, tubular reabsorption and secretion).

V‘US
PS

CS'PS:V'US > CS:
[ml/min]

Cs — clearance of the substance S

Ps — plasma concentration of the substance S

V — velocity of urine formation

U — urine concentrace of the substance S

(V - Ug — velocity of urine excretion of the substance S )
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Renal Clearance

Determination of renal plasma flow velocity (RPF)

Clearance of a substance thatis N\ )
fully cleared from plasma in /

glomerulotubular apparatus.
PAH (paraaminohippuric acid) A e
cleared by 90% e
. ;—b Renal venous
5.85 x 1 mg/min _ PAH=
RPF = = 585 ml/min ! o
0.01 mg/ml Up gy = 5.85 mg/m

V=1 ml/min

Guyton & Hall. Textbook of Medical Physiology
Correction to the extraction ratio of PAH (Epay):

Ppan - V 585 ml/min
T -0.9—> RPF = = 650 mi/min /7

”
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AT

ZzZ

Z

z

kg

0.9 AN
-, v
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Epan =
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Renal Clearance

Determination of glomerular filtration rate (GFR)
Clearance of a substance that is Poun = 1 Mgl B==S0

fully filtered in the glomerulus
and |S not reabsorbedlsecreted Amount filtered = Amount excreted

/

In tubules. GFR X Pipn = Upuan X V

GFR = —nuin XV
Inulin — polysacharide that is not Pinutn
formed in the bOdy, V. GFR = 125 ml/min
application (is present in roots of \
some plants)

Y

Creatinine — waste product of o 125
muscle metabolism, in Guyton & Hall. Textbook of Medical Physiology
approximately constant amount in
plasma (not necessary to apply i.v.) ;
The most often estimation of GFR in the clinical practise! l
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Counter-Current System in Kidneys

Cortex l

I

Vasa
recta

Collecting duct
Henle’s loop

Despopoulos, Color Atlas of Physiology © 2003
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Counter-Current System in Kidneys
Hyperosmotic Renal Medulla - Role of Loop of Henle

1) Active transport of Na*, co-transport of Na* with K* and Cl-
from ascending loop of Henle; gradient even 200 mOsm/|

2) Impermeability of ascending loop of Henle for water

Renal Tubular
% interstitial Tubular lumen
= Thick ascending fluid cells (+8 mv)
loop of Henle
25% P - Paracellular :'ITF KéaH
diffusion g,
Na+, CI, K+,
Ca+, HCO,-, Mg+
3 Na 70— Nat
Hypo- K H— L >
osmotic
Na*
H -————— cr K ach
K+
# LY
smmmmmmm=? e ) -

Guyton & Hall. Textbook of Medical Physiology



Counter-Current System in Kidneys
Hyperosmotic Renal Medulla - Role of Loop of Henle

1) Active transport of Na*, co-transport of Na* with K* and Cl-
from ascending loop of Henle; gradient even 200 mOsm/|

2) Impermeability of ascending loop of Henle for water
3) Permeability of descending loop of Henle for water

Thin descending

T
% loop of Henle

H,0

Guyton & Hall. Textbook of Medical Physiology

[
=
X !! a Ed
w x
WUV X
B £
% =
04 ‘a-d
* Sigygund



Counter-Current System in Kidneys
Hyperosmotic Renal Medulla - Role of Loop of Henle

1) Active transport of Na*, co-transport of Na* with K* and Cl-
from ascending loop of Henle; gradient even 200 mOsm/|

2) Impermeability of ascending loop of Henle for water
3) Permeability of descending loop of Henle for water

—- 1)) 300 O —

@ 300 300 | 300

300 300 300

300 300 300

~__7

Guyton & Hall. Textbook of Medical Physiology
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200 300
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400 200 400 400
-v CL L

400 200 400 400
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Counter-Current System in Kidneys

Hyperosmotic Renal Medulla - Role of Loop of Henle

m—- (] 300 0 e 300

130

@ 300 400 200 @ 300| 350 j15|:J

400 400 400 400 500
400 400 400 400" 500

Guyton & Hall. Textbook of Medical Physiology

Repeat Steps 4-6
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Counter-Current System in Kidneys
Hyperosmotic Renal Medulla - Role of Vasa Recta

Interlobar
artery

Ganong s Review of Medical Physiology, 23 edition

[
=
X !! a Ed
w x
WUV X
3 z
% &
C‘q ‘a-d
.
REER



Counter-Current System in Kidneys
Hyperosmotic Renal Medulla - Role of Vasa Recta

Vasa recta Interstitium
mQOsm/L mQOsm/L
300 350 300
. ¥
Solute Sl -
""“\ A H,0 =600 L3 Solute
600 7
600
600
. . 4
Solute mel  S=h H.O -
adl 800 L Solute
\ 800 7
800
Solute b ¥ 900
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Counter-Current System in Kidneys
Hyperosmotic Renal Medulla - Role of Urea
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Water Diuresis

following drinking of a higher amount of hypotonic
fluid

starts ~15 min after drinking, maximum reached within ~40 min

drinking itself — slightly | ADH secretion

water reabsorption in the intestine — | plasma
osmolarity — osmoreceptors in the hypothalamus
— notable | ADH secretion — | water
reabsorption in tubulus — 1 diuresis
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Water Diuresis

following drinking of a higher amount of hypotonic

fluid _ |
Water Intoxication

the water intake per time > the amount of water
which can be excreted (maximal diuresis ~16 ml/min)

hypotonic fluid from plasma to cells — cellular

edema, symptoms of water intoxication
(convulsions, coma even death due to the brain edema)

latrogenic — not restricted water intake after
application of exogenic ADH or during its higher
secretion induced by non-osmotic stimuli (e.g.

surgery) ;
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Osmotic Diuresis

Induced by presence of non-absorbed osmotically
active solutes in renal tubules

non-absorbed solutes (e.g. glucose - diabetes
mellitus) in the proximal tubules — osmotic effect
— water retained Iin the tubulus

]

| transepithelial gradient for Na* (Na* in the tubule
In a higher amount of water) — inhibition of Na*
reabsorption in the proximal tubule —» Na*
retained in the tubule ~ further osmotic load —
further retaining of water in the tubule
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Osmotic Diuresis

Induced by presence of non-absorbed osmotically
active solutes in renal tubules

more isotonic fluid with higher total amount of Na*
Into the loop of Henle — | reabsorption of solutes
In the ascendent loop of Henle after reaching the
borderline concentration gradient for Na*
reabsorption — | hypertonicity of the renal medulla

more fluid flows through other parts of tubulus + |
hypertonicity of the renal medulla — | water
reabsorption in the collecting duct — 1 diuresis,
urine with an increased amount of solutes
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